Proteins that interact with c-Cbl are often found to be among these, the human homolog Sprouty 2 (hSpry2) ubiquitinated as a consequence of the ubiquitin ligase contains the highest degree of sequence homology to activity of c-Cbl. To determine whether the association the Drosophila protein [3, 4]. It has been shown that between c-Cbl and hSpry2 leads to the ubiquitination hSpry2 interacts directly with c-Cbl, an E3-ubiquitin of hSpry2, we compared the abilities of ectopically exligase, which promotes the downregulation of receppressed hSpry2 and hSpry2-⌬Cbl, a deletion mutant tor tyrosine kinases (RTKs) [5]. In this study, we have lacking the c-Cbl binding region (residues 36-65), to investigated the functional consequences of the assobecome ubiquitinated upon EGF stimulation. CHOK1 ciation between hSpry2 and c-Cbl. We have found that cells, which lack endogenous EGF receptor, were tranhSpry2 is ubiquitinated by c-Cbl in an EGF-dependent siently transfected with expression vectors encoding manner. EGF stimulation induces the tyrosine phos-EGFR, hemagglutinin (HA)-tagged ubiquitin, and HAphorylation of hSpry2, which in turn enhances the intagged hSpry2 constructs. As shown in Figure 1A , low teraction of hSpry2 with c-Cbl. The c-Cbl-mediated levels of hSpry2 ubiquitination were detected in growth ubiquitination of hSpry2 targets the protein for degrafactor-deprived cells. However, the addition of EGF indation by the 26S proteasome. An enhanced produced a significant increase in the ubiquitination of teolytic degradation of hSpry2 is also observed in hSpry2, as indicated by the abundant presence of high response to FGF stimulation. The FGF-induced degramolecular weight HA-immunoreactive bands in the antidation of hSpry2 limits the duration of the inhibitory hSpry2 immunoprecipitates. In contrast, the hSpry2-effect of hSpry2 on extracellular signal-regulated ki⌬Cbl mutant, which does not associate with c-Cbl, was nase (ERK) activation and enables the cells to recover not ubiquitinated either in the presence or in the absence their sensitivity to FGF stimulation. Our results indicate of EGF ( Figure 1B ). These observations indicate that that the interaction of hSpry2 with c-Cbl might serve as c-Cbl mediates the ubiquitination of hSpry2 in an EGFa mechanism for the downregulation of hSpry2 during dependent manner through its association with the receptor tyrosine kinase signaling.
c-Cbl-mediated ubiquitination of hSpry2Y55F after EGF stimulation is attenuated (data not shown). In a recent seen after EGF stimulation may in part be mediated by the EGF-induced increase in hSpry2-c-Cbl interaction. study, it has been shown that substitution of tyrosine 55 with alanine yields a dominant-negative mutant of It should be noted that the increase in the association of hSpry2 with c-Cbl following EGF stimulation could hSpry2, which selectively enhances FGF-induced, but not EGF-induced, MAP kinase activation [13]. The extent not be detected when the levels of ectopically expressed hSpry2 were high (data not shown). This may explain to which these effects can be attributed to changes in c-Cbl binding remains to be determined. why a modulation of association between hSpry2 and c-Cbl by growth factors was not detected in an earlier
To examine the spatial relationship between hSpry2 and c-Cbl, we have analyzed the subcellular localization study [5] .
To identify the determinants within hSpry2 that are of ectopically expressed HA-hSpry2 and endogenous c-Cbl in serum-starved and EGF-stimulated cells. For responsible for the EGF-dependent increase in its binding affinity toward c-Cbl, we focused our attention on this analysis, we have used COS-1 cells because endogenous c-Cbl is expressed in these cells at levels that a conserved tyrosine residue of hSpry2, tyrosine 55, that is located within the c-Cbl binding region of hSpry2 [13] .
are high enough to be detected by indirect immunofluorescent staining. We have confirmed that the biochemiTo establish whether tyrosine 55 is phosphorylated upon EGF stimulation, CHOK1 cells were transiently transcal features of the interaction between c-Cbl and hSpry2 in COS-1 cells are identical to those observed in CHOK1 fected with the EGF receptor and HA-tagged hSpry2 or an hSpry2 mutant in which tyrosine 55 was mutated cells (data not shown). As illustrated in Figure 2D , hSpry2 is associated predominantly with vesicular structures to phenylalanine (hSpry2Y55F). As shown in Figure 2B , hSpry2 became tyrosine phosphorylated in response to distributed throughout the cytoplasm both in EGFtreated and untreated cells. A subpopulation of the EGF stimulation. In contrast, the hSpry2Y55F mutant failed to undergo tyrosine phosphorylation upon EGF hSpry2-containing structures was found to colocalize with the early endosome marker Rab5 [14] , and this stimulation ( Figure 2B ), suggesting that this residue is critical for the EGF-induced tyrosine phosphorylation of finding suggests some degree of functional overlap between hSpry2 and the endocytic pathway (data not hSpry2.
Next, we utilized the hSpry2Y55F mutant to investishown). The vesicular pattern of hSpry2 subcellular distribution was observed in a number of different cells gate the role of hSpry2 tyrosine phosphorylation in c-Cbl late Sprouty's function. mechanism whereby the repressive activity of a negative
Genetic and biochemical studies indicate that Sprouty is a component of a negative feedback loop that is set

